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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant: KIYOTAKA OGURA ET AL . 

Serial No.: NOT YET ASSIGNED PCT NO. PCT/ JP00/003 74 
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Title: ELECTROMAGNETIC FUEL INJECTOR 

PRELIMINARY AMENDMENT 

Box PCT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir : 

Please enter the following amendments to the claims and 
abstract prior to the examination of the application. 

IN THE CLAIMS : 

Please amend claim 10 as follows: 

(A copy of the marked-up version of amended claim 10 is 
attached as an appendix to this Preliminary Amendment) . 

10. An electromagnetic fuel injector according to claim 8, 
characterized in that a guide groove for guiding the fuel to the 
outer circumference of the fuel swirler is formed between the 
upper end surface of the fuel swirler and the receiving surface 
of the nozzle body for receiving the upper end surface of the 
fuel swirler. 



Serial No. 

Please add new claims 18 and 19 as follows: 
--18. An electromagnetic fuel injector according to claim 
9, characterized in that a guide groove for guiding the fuel to 
the outer circumference of the fuel swirler is formed between the 
upper end surface of the fuel swirler and the receiving surface 
of the nozzle body for receiving the upper end surface of the 
fuel swirler. 

19. An electromagnetic fuel injector according to claim 18, 
characterized in that the guide groove is formed at the upper end 
surface of the fuel swirler and/or the receiving surface of the 
nozzle body. 

IN THE ABSTRACT : 

Please substitute the new Abstract of the Disclosure 
submitted herewith on a separate page for the original Abstract 
presently in the application. 

REMARKS 

Entry of the amendments to the claims and abstract before 
examination of the application is respectfully requested. 

If there are any questions regarding this Preliminary 
Amendment or this application in general, a telephone call to the 
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undersigned would be appreciated since this should expedite the 
prosecution of the application for all concerned. 

It is respectfully requested that, if necessary to effect 
a timely response, this paper be considered as a Petition for an 
Extension of Time sufficient to effect a timely response and 
shortages in other fees, be charged, or any overpayment in fees 
be credited, to the Account of Evenson, McKeown, Edwards & 
Lenahan, P.L.L.C., Deposit Account No. 05-1323 (Docket 
#381NT/49741) . 



Respectfully submitted, 



February 28, 2 001 



EVENSON, McKEOWN, EDWARDS 

& LENAHAN, P.L.L.C. 
1200 G Street, N.W., Suite 700 
Washington, DC 20 0 05 
Telephone No. : (202) 628-8800 
Facsimile No. : (202) 628-8844 
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- - ABSTRACT OF THE DISCLOSURE 

A fuel swirler positioned upstream of an injection orifice 
is disposed at the tip of a nozzle body in a fuel injector, in 
which the fixed core and the nozzle body are coupled to each 
other via a non-magnetic cylindrical seal ring press-fitted and 
welded to the outer circumference of one end on the nozzle body 
side of the fixed core and the inner circumference of one end of 
the nozzle body. The inner circumference of the fuel swirler and 
the inner circumference of the seal ring function serve as a 
guide for slidably guiding a stroke movement of the needle. The 
fuel swirler is held between the receiving surface of the nozzle 
body and the orifice plate, thus defining an annular fuel passage 
between the outer circumference of the fuel swirler and the inner 
circumference of the nozzle body, so that fuel flows into a 
passage groove formed at the lower end surface of the fuel 
swirler via the annular fuel passage. A mass movable in an axial 
direction independently of the needle is interposed between the 
return spring and the needle, and a plate spring is interposed 
between the mass and the needle. -- 
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APPENDIX TO PRELIMINARY AMENDMENT 

(Marked-up version of amended claims) 
Please amend claim 10 as follows: 

10. (Amended) An electromagnetic fuel injector according 
to claim 8 [or claim 9] , characterized in that a guide groove for 
guiding the fuel to the outer circumference of the fuel swirler 
is formed between the upper end surface of the fuel swirler and 
the receiving surface of the nozzle body for receiving the upper 
end surface of the fuel swirler. 
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Electromagnetic Fuel Injector 



BACKGROUND OF THE INVENTION 



Technical Field 

The present invention relates to an electromagnetic 
fuel injector (injection valve) for an internal combustion 
engine. 

Background Art 

There has been conventionally used an 
electromagnetic fuel injector which is driven in response 
to an electric signal output from an engine control unit in 
an internal combustion engine for an automobile or the like. 

This type of fuel injector is configured such that 
an electromagnetic coil and a yoke are arranged around a 
hollow cylindrical fixed core. And a nozzle body containing 
a movable element (thereafter call "needle") with a valve 
element is fixed to, the lower portion of the yoke, so that 
the needle is urged toward a valve seat by the force of a 
return spring. 

A two-point support guide system is generally used 
for the needle in order to achieve the stability of a 
stroke movement. For example, as disclosed in Japanese 
Patent Laid-Open No. Hei 11-200993, in the case where the 
movable element is a needle valve, the tip of the needle 
valve is slidably guided on the inner circumference of a 



fuel swirler housed inside a nozzle body. And as to another 
point, a large-diameter portion functioning as a guide 
surface on a movable side is formed in the needle valve, to 
be thus slidably guided on the inner circumference of the 
nozzle body. A similar two-point support guide system is 
used for a needle configured by integrally coupling a ball 
and a rod which serve as a valve element. 

In recent years, a fuel injector for directly 
injecting fuel into a cylinder in an internal combustion 
engine has been put to practical use also in a gasoline 
engine . 

In the direct injection type of fuel injector, there 
has been proposed a long nozzle injector in which a nozzle 
body disposed under a yoke is slenderly elongated. In 
fixing such a long nozzle injector to a cylinder head, only 
the slender nozzle body occupying little space is placed on 
the cylinder head. And in the injector, a large-diameter 
body consisting of a yoke, a connector mold and the like 
can be provided apart from other parts and the cylinder 
head without any interference. Therefore, in the case where 
parts such as a suction valve and a intake manifold are 
densely disposed in the vicinity of the cylinder head, said 
fixing of the long nozzle injector has advantage of the 
high degree of fixing freedom. 

In the above-described two-point support guide 
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system for the needle, it_ is necessary to finish (grind) a 
guide hole formed at the inner circumference of the nozzle 
body in the case where the stroke movement of the needle is 
guided on the inner circumference of the nozzle body. If 
the nozzle body is elongated, the guide surface is deeply 
positioned, thereby making machining difficult. In the 
meanwhile, even i-n the case where the guide surface is 
formed at the inner circumference near an opening of the 
nozzle body, followed by finishing, the inner circumference 
of the nozzle body requires a high grinding accuracy, 
thereby increasing a fabricating cost accordingly* 
Consequently, cost reduction is desired- ' 

In addition, since the valve element collides with a 
valve seat during a valve closing operation in the 
electromagnetic fuel injector, the valve is accidentally 
opened by a bounce of the valve element, thereby inducing a 
fear of so-called secondary injection. Therefore, there 
are various demands for the technique for preventing such 
secondary injection, the configuration which contributes to 
assembling facilitation, in particular, automatic 
assembling, and the like. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 
fuel injector which can solve problems such as cost 
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reduction, centering accuracy (coaxial accuracy) and 
assembling facilitation of a fuel injector, simplicity of 
component parts, the degree of fixing freedom, and 
prevention of secondary injection. 

The present invention has been proposed to attain 
the above-described object by way of a variety of modes. 
The gist of the present invention is as follows: 

An electromagnetic fuel injector is basically 
configured such that an electromagnetic coil and a yoke are 
arranged around a fixed core, a nozzle body containing 
therein a needle with a valve element is fixed to the lower 
portion of the yoke, and the needle is urged toward a valve 
seat with application of the force of a return spring, and 
further, is provided with the following means: 

(1) In order to achieve the cost reduction and 
centering accuracy (coaxial accuracy) in the two-point 
support guide system, a two-point support guide is composed 
as follow. In a fuel injector having the fuel swirler, a 
two-point support for slidably guiding a needle on the 
inner circumference of a non-magnetic cylindrical seal ring 
and the inner circumference of a fuel swirler during a 
valve stroke movement is composed by using the seal ring 
press-fitted and welded to the- outer_ circumference of one 
end on a nozzle body side in a fixed core and the inner 
circumference of one end on the nozzle body side. 
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(2) In order to facilitate the assembling work' of 
the fuel injector and simplify component parts, an 
electromagnetic coil and a yoke are inserted from above the 
fixed core, and thus, are disposed around the fixed core. 
Furthermore, the yoke is configured such that it can be 
coupled to the nozzle body in such a manner as to cover the 
outer periphery of an- electromagnetic core. A terminal 
taking-out window for the electromagnetic coil is formed at 
a part of the upper portion of the yoke. The inner surface 
of the upper end of the yoke is pressed against the 
electromagnetic coil, thereby fixing the coil. 

(4) Means described below are proposed to facilitate 
the assembling work of the fuel swirler and enhance the 
characteristics and responsiveness of fuel injection: 

The fuel swirler is loosely fitted to the inner 
circumference of the nozzle body in such a manner as to be 
received by the receiving surface of the nozzle body. An 
orifice plate is press-fitted to the inner circumference in 
such a manner as to press the fuel swirler. Considering 
this from different points of view, the configuration is 
proposed that the fuel swirler is held between the 
receiving surface of the nozzle body and the orifice plate, 
and thus, an annular fuel" passage is. defined between the 
outer circumference of the fuel swirler and the inner 
circumf erence of the nozzle body, so that fuel flows in a 
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passage groove formed at the lower end of the fuel swirler 
via the annular fuel passage. 

(5) In order to prevent any secondary injection, 
means described below are proposed as the composition 
capable of implementing a liquid damper structure for 
alleviating an impact occurring during a valve closing of 
the needle. 

The inner circumference of the seal ring extending 
over the outer circumference of one end on the nozzle body 
side in the fixed core and the inner circumference of one 
end on the nozzle body side serves as a guide for the 
needle. The needle includes a hollow, cylindrical movable 
core. The outer circumference of the upper portion of the 
movable core is guided on the inner circumference of the 
seal ring. The fuel passage is secured between the outer 
circumference of the lower portion of the movable core and 
the inner circumf er-ence of the nozzle body. The fuel 
passage communicates with another fuel passage defined 
inside of the movable core upstream thereof via a through 
hole formed at the movable core. 

(6) As means for preventing any collision (a bounce) 
of the needle against a valve seat or a stopper in order to 
prevent any secondary injection, there are proposed that an 
axially movable mass independently of the needle is 
interposed between the return spring and the needle, and 
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that a plate spring is interposed between the mass and the 
needle. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a vertical cross-sectional view showing a 

fuel injector in a preferred embodiment according to the 

present invention; 

Fig. 2 illustrates the mounted state of the fuel 

inj ector; 

Fig. 3 illustrates the assembling process of the 
fuel injector; 

Fig. 4(a) is a top view showing a fuel swirler to be 
used in the present embodiment, Fig. 4(b) is a bottom view 
of the fuel swirler, and Fig. 4(c) is a vertical cross- 
sectional view of the fuel swirler; and 

Fig. 5(a) is a plan view showing a damper plate (a 
plate spring) to be—used in the present embodiment, and Fig. 
5(b) is a cross-sectional view" showing the damper plate. 

DESCRIPTION OF THE PREFFRRED EMBODIMENTS 

A best mode embodying the present invention will be 

described in reference to a preferred embodiment shown in 

Figs. 1 to 5. 

As shown in Fig. 1, a hollow fixed core 1, an 

electromagnetic coil 2 and a yoke 4 are arranged from the 
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center toward the outer diameter in a fuel injector 100, 
and further, a needle" 5 with a valve element is contained 
inside a nozzle body (also referred to as a nozzle holder) 
18 fixed to the lower portion of the yoke 4, wherein the 
needle 5 is urged toward a valve seat 31 by the force of a 
return spring 7. 

With respect to the basic movement of the fuel 
injector 100, when the electromagnetic coil 2 is energized, 
the yoke 4, the fixed core 1, a movable core 14 (i.e., a 
part of the needle 5) and the upper portion of the nozzle 
body 18 constitute a magnetic circuit, so that the needle 5 
is attracted against the force of the return spring 7, 
thereby achieving a valve opening; in contrast, when the 
energization of the electromagnetic coil 2 is stopped, the 
needle 5 abuts against the valve seat 31 by the force of 
the return spring 7, thereby achieving a valve closing. 

In the present embodiment, the lower end of the 
fixed core 1 functions as a stopper -for receiving the 
needle 5 during the valve opening. 

The fixed core 1 is formed into an elongated, hollow 
and slenderly cylindrical shape. The fixed core 1 and the 
nozzle body 18 are coupled "to each other via a non-magnetic, 
cylindrical seal ring 8 extending over the outer 
circumference of one end on the nozzle body side of the 
fixed core 1 and the inner circumference of one end of the 



nozzle body 18. 

The seal ring 8 is ground with material such as 
SUS316, and is formed into a cylinder 'having a flange 8a at 
one end thereof. One end of the cylinder on a side 
opposite to the flange 8a is press-fitted and welded to one 
end of the outer circumference of the fixed core 1; on the 
other hand, the flange 8a is press-fitted and welded to an 
annular step (an annular groove) 18c formed at the inner 
edge of the upper end of the nozzle body 18. Such welding 
is performed over the entire coupling boundary of, for 
example, portions designated by reference characters (b) 
and (c) by laser welding in order to keep sealability. 

Here, the annular step 18c is a part having the 
greatest inner diameter of the stepped inner circumference 
of the nozzle body 18. 

An upper portion 18b of the nozzle body 18 has 
greatest inner and outer diameters in the nozzle body_ 1 in 
order to house therein the movable core 14a, " described 
later, in such a manner as to allow a freely reciprocating 
movement (a stroke movement required for opening or closing 
a valve) . A slender, long nozzle portion 18a extends from 
the lower portion. 

In an injection system in which the fuel injector 
100 is mounted directly in a cylinder head 106 of an engine 
105, as shown in Fig. 2, the long nozzle portion 18a 
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enables an injector body having a large diameter to be 
placed at a position apart from (i.e./ a position without 
any interference with) a suction valve 101, a drive 
mechanism 102 for a suction/exhaust valve, a intake 
manifold 103 or the cylinder head 106 in the case where the 
suction valve 101, the drive mechanism 102, the intake 
manifold 103 and the like are mounted at a high density, 
with an attendant advantage of the higher degree of fixing 
freedom. 

The upper portion (the large-diameter portion) 18b 
of the nozzle body 18 extends upward to a position at which 
a magnetic flux for attracting the movable core is allowed 
to pass when the electromagnetic coil 2 is energized, that 
is, to a position at which a part of the magnetic circuit 
is constituted. In view of this, the upper portion 18b of 
the nozzle body 18 also serves as a part of the yoke 4. 

The upper end- surf ace of the nozzle body 18 includes 
the above-described annular step 18c- for allowing the 
flange 8a of the seal ring 8 to be press-fitted thereto 
while a step 18d to be press-fitted in a spigot joint 
manner to (i.e., in uneven engagement with) the yoke 4, and 
therefore, includes three stepped surfaces in total. 

In the yoke 4, an opening at the lower end (i.e., 
one end facing the nozzle body 18) is formed slightly 
larger than the outer diameter of the electromagnetic coil 
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2 with a resin mold 3, and thus, is formed into a so-called 
drop-bottomed shape. At the lower end of the yoke is 
formed a step 4c to be press-fitted to the step 18d of the 
nozzle body 18 in the spigot joint manner. 

In the yoke 4, an upper wall 4b (hereinafter 
referred to as a shoulder) is formed in such a manner as to 
cover the upper end of the resin mold 3 of the 
electromagnetic coil 2. At the center of the shoulder 4b, 
a core inserting hole 4a engageable with the outer 
circumference of the fixed core 1 is formed by drawing. 

The yoke 4 configured as described above is disposed 
from above the fixed core 1. Furthermore, the yoke 4 is 
configured such that it can be press-fitted (coupled) to 
the annular step 18d of the nozzle body 18 in the spigot 
joint manner in such a manner as to cover the 
electromagnetic core 2 with the resin mold 3; At a part of 
the shoulder 4b of the yoke 4 is formed as a window 4d, 
through which a connector terminal 29 for the 
electromagnetic coil 3 can be inserted. 

The electromagnetic coil 2 is received at the upper 
end surface of the nozzle body 18, and then, is pressed at 
the inner surface of the shoulder 4b of the yoke 4, to be 
thus fixed thereto. 

The yoke 4 and the nozzle body 18 are annularly 
welded to each other at a jointed portion (a) of the press- 
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fitted portion (i.e., the spigot- j ointed portion) 
therebetween, and further, the yoke 4 and the fixed core 1 
are welded to each other at a position (d) , thereby keeping 
the sealability . 

The fixed core 1, the yoke 4, the needle 5 and the 
nozzle body 18 are made of, for example, a stainless-based 
magnetic material (i.e., electromagnetic stainless) in 
order to constitute the magnetic circuit of the 
electromagnetic coil 2. Its machining mode will be 
described later. 

At the lower end (i.e., the tip) of the nozzle body 
18 are disposed an orifice plate 19 and a fuel swirler 
(hereinafter simply referred to as a swirler) 21, wherein 
these component parts 18, 19 and 21 are formed of separate 
members . 

The orifice plate 19 is formed by, for example, a 
stainless-based dis-k-like chip, and is provided at the 
center thereof with an injection orifice (an orifice) 20, 
upstream of which the valve seat 31 is formed. The orifice 
plate 19 is press-fitted to the inner circumference 18f of 
the lower end of the- nozzle body 18. 

* In the meantime, the swirler 21 is loosely fitted to 
the inner circumference of the lower end of the nozzle body 
18, and is made of a sintered alloy such as SUS416. 

The swirler 21 is formed by a substantially disk- 
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like chip, and is provided at the center thereof with a 
center hole (a guide) 25 for slidably guiding the tip (the 
valve element) of the needle 5 and at the upper surface 
thereof with a guide groove 24 for guiding fuel toward the 
outer circumference, as shown in Figs, 4(a) and 4(c). 

Moreover, as shown in Figs. 4(b) and 4(c), an 
annular step (an annular passage) 23 is formed at the 
peripheral edge of the lower surface of the swirler 21, and 
further, a plurality of, for example, six passage grooves 
2 6 for forming a fuel swirl are arranged between the 
annular passage 23 and the center hole 25. The passage 
groove 2 6 is formed in substantially the tangential 
direction from the outer diameter of the swirler 21 to the 
inner diameter thereof, so as to generate swirling force in 
the fuel injected from the passage groove 2 6 toward the 
lower end of the center hole 25. 

The annular step 23 is formed because it need serve 
as a fuel sump. Moreover, a plurality of chamfers 27 are 
formed at the outer circumference of the swirler 21. The 
chamfers 27 are referred to in machining the grooves 24 and 
.2 6 and the like. 

* At the tip (one end on the fuel injection side) of 
the nozzle body 18 is formed the inner circumference (the 
stepped inner circumference) 18f with a receiving surface 
18e for receiving the swirler 21 and the orifice plate 19. 
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The swirler 21 is received at the receiving surface 18e of 
the nozzle body 18, to be loosely fitted to the inner 
circumference of the nozzle body- On the other hand, the 
orifice plate 19 is press-fitted and welded to the inner 
circumference in such a manner as to press the swirler 21. 

The swirler 21 and the orifice plate 19 are disposed 
in the above-described manner, so that the swirler 21 can 
be held between the receiving surface 18e and the orifice 
plate 19, and further, an annular fuel passage 22 is 
defined between the outer circumference of the swirler 21 
and the inner circumference of the tip of the nozzle body 
18. The annular fuel passage 22 can be sufficiently 
secured as a fuel passage without any chamber 27. Via 
these annular fuel passages 22 and 23, the fuel can flow 
into the groove 2 6 for forming a swirl in the swirler 21. 

The upper surface of the swirler 21 is configured 
such that the fuel -guide groove 24 is formed for the 
purpose of the press-contact with the receiving surface 18e 
formed in the nozzle body 18, so that the fuel staying 
upstream of the swirler can flow into the annular fuel 
passage 22 around the swirler 21 via the groove 24. The 
groove 24 may be formed on a side of- the receiving surface 
18e of the nozzle body other than the upper end surface of 
the swirler 21. 

That is, whichever the swirler 21 and the nozzle 
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body 18 may be, it is sufficient that a passage groove for 
guiding the fuel around the swirler is defined between the 
upper end surface of the swirler and the receiving surface 
of the nozzle body receiving the former. 

Incidentally, a part of the orifice plate 19 
intrudes into the" groove 2 6 formed at one end surface of 
the swirler 21 to such an extent that the part cannot 
interfere with the flow in the passage groove, and thus, 
secures the function of a detent of the swirler 21. 

For example, if the hardness of the swirler 21 is 
made to be greater than that of the orifice plate 19, a 
part of the orifice plate 19 can bite the groove 2 6 when 
the orifice plate 19 is press-fitted, thereby securing the 
detent of the swirler 21 and preventing any misalignment of 
the swirler 21. 

The needle 5 includes a valve rod (i.e., a needle) 
16 and the hollow, cylindrical movable core 14 having an 
outer diameter greater than that of the valve rod 16. The 
valve rod 16 and the movable core 14 are constituted of 
separate members, and are integrally coupled to each other 
by press-fitting and welding the valve rod 16 to one end of 
the movable core 14. 

A part of each of the movable core 14 and the valve 
rod 16 serves as a guide surface on a movable side. Here, 
one part 14a at the outer peripheral surface of the movable 
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core 14 is slidably guided on the inner circumference of 
the seal ring 8 during a stroke movement at the time of the 
valve opening or closing, and then, the peripheral surface 
near the tip of the valve rod 16 is -slidably guided to the 
center hole 25 of the swirler 21, thereby constituting a 
so-called two-point support guide system. 

In the present embodiment, the 'diameter of the outer 
circumference 14a of the upper portion of the movable core 
14 is made to be greater than that of an outer 
circumference 14b of the lower portion thereof, so that the 
outer circumference 14a of the upper portion is slidably 
guided at the inner circumferential surface of the seal 
ring 8; in the meantime, the diameter of the outer 
circumference 14b of the lower portion is made to be 
smaller than that of the outer circumference 14a of the 
upper portion, so that a sufficient fuel passage 13 can be 
secured between the- outer circumference 14b of the lower 
portion and the inner circumference of the nozzle body 18. 

The fuel passage 13 and the inside of the movable 
core 14 serving as an upstream passage 12 communicate with 
each other via a plurality of through holes (i.e., 
orifices) 15 formed on a core wall oT the outer 
circumference 14b of the lower portion. 

A step 14c is formed at the inner surface of the 
upper portion of the movable core 14, and is provided with 
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an annular plate spring (i.e., a damper plate) 50. 

As shown in Fig. 5, the plate spring 50 is formed 
into an annular shape, and an inside portion designated by 
reference numeral 51 is punched. A plurality of elastic 
pieces 52 projecting inward are formed by punching in 
arrangement at equal intervals in the circumferential 
direction. 

The elastic pieces 52 in the plate spring 50 receive 
one end of a cylindrical movable mass (i.e., a weight) 9, 
which is, for example, a carbon steel forging product. 

The movable mass 9 is positioned over one end of the 
inner circumference of the fixed core 1 and one end of the 
inner circumference of the movable core 14. A hollow hole 
11 of the fixed core 1 serves as a fuel passage. Inside 
the hollow hole 11 are contained the movable mass 9, the 
return spring 7 and a spring presser 6 in order from under. 
A filter 30 is disposed at the upper end of the hollow hole 
11. 

The spring presser 6 is fixed by caulking a 
peripheral portion 10 of the fixed core 1. 

The movable mass 9 is interposed between the return 
spring 7 and the needle 5 (the" movable core 14) in such a 
manner as to be freely moved in an axial direction 
independently of the needle 5. In order to ensure the 
Independent movability, the spring plate 50 is interposed 
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between the movable mass 3 and. the needle 5, . so that the 
elastic pieces 52 of the spring plate 50 receive the 
movable mass 9. 

In this manner, the movable mass 9 fulfills a damper 
function of suppressing a bounce of -the needle 5 during a 
valve closing movement owing to its independence of the 
needle 5 with a valve. This damper function produces a 
remarkably effective result, the principle of which is 
considered as follows: namely, it is considered that 
although the needle 5 is about to bounce when the needle 5 
collides against the valve seat 31 by the force of the 
return spring 7 during the valve closing movement, the 
inertia of the movable mass 9 and the resilient deformation 
of the spring plate 50 absorb kinetic energy of the bounce 
at that time, thereby attenuating the bounce. 

A connector mold (i.e., a resin mold) 27 is formed 
around a portion projecting from the yoke 4, of the fixed 
core 1. 

Subsequently, a description will be given of "the 
assembly and the machining mode of main component. parts in 
the present embodiment. 

As shown in Fig. 3, in assembling the fuel injector 
in the present embodiment, the" component parts are inserted 
from above in reference to the nozzle body 18 except for 
resin molding with the connector mold. 
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Pre-processes before assembling the component parts 
will be explained below. 

The yoke 4 is a pressed and cut product. The nozzle 
body 18 is a cold forged product through not cutting but 
lathing. The swirler 21 is. a sintered product through 
cutting. The orifice plate 19 is lathed, and further, is 
quenched in order to enhance its hardness. The valve seat 
31 and the orifice 20 are ground and end-lapped. 

The valve rod 16 is quenched, and the movable core 
14 is annealed. Thereafter, these component parts 14 and 
16 are integrally coupled to each other by press-fitting 
and welding, thus constituting the needle 5. 

The outer circumference of the needle 5 is ground. 
The outer peripheral surface (the movable guide surface) 
14a at the upper portion and the end surface (the movable 
stopper surface) in the movable core 14 are subjected to 
hard plating. 

The fixed core 1 is a cold forged product through 
lathing and annealing, and further, the tip thereof serving 
as a stopper surface with respect to the needle is 
subjected to hard plating. The seal ring 8 is lathed, and 
then, is press-fitted and welded to one end of the outer 
circumference of the fixed core 1 after plating. 

The swirler 21 is loosely fitted to the nozzle body 
18 by the use of a centering jig, and thereafter, the 
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orifice plate 19 is press-fitted and welded to* the nozzle 
body 18. 

The above pre-processed component parts are 
assembled in the following procedure. 

The needle 5 having the plate spring 50 disposed 
therein is inserted into the nozzle body 18 from above, and 
then, the flange at one end of the seal ring 8 fixed to the 
fixed core 1 with the seal ring 8 is press-fitted and 
welded to the nozzle body 18, so that the fixed core 1 and 
the nozzle body 18 are integrally coupled to each other. 
Before the integral - coupling, the step of the nozzle body 
18 serving as the coupled (press-fitted) portion is 
measured, and further, the step of the flange of the seal 
ring 8 on the side of the fixed core 1 is measured. The 
fixed core 1 and the nozzle body 18 through the measurement 
examination are integrally coupled to each other. 
Consequently, the coaxial accuracy can be ensured. 

Thereafter, the assembly of the electromagnetic coil. 
2 and the yoke 4 are fitted into the fixed core 1 from 
above. The yoke 4 is also coupled to the nozzle body 18 by 
press-fitting and welding. And then, the connector mold 27 
is formed. 

The above finished products constitute the magnetic 
circuit, described already, when the electromagnetic coil 2 
is energized (excited), so that the needle 5 is attracted 
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until it abuts on one end - of the fixed core 1 against the 
force of the return spring 7, thereby achieving the valve 
opening movement. At the time of the valve opening, 
pressurized fuel is injected with a swirl from the 
injection orifice 20 via the swirler 21 through the filter 
30, the fuel passages 11 and 12, the orifices 15 and the 
passages 13 and 17. 

The present embodiment can produce the following 
effects : 

(1) When the electromagnetic coil 2 is de-energized, 
the needle 5 is moved in the closing direction by a load 
accumulated in the return spring 7, and then, abuts against 
the valve seat 31. At this time, the damper function of 
the movable mass 9 and the plate spring 50, as described 
already, suppresses the bounce of the valve element 16, 
thereby effectively preventing any secondary injection. 

(2) Furthermore, since the entire outer 
circumference 14a of the upper portion of the movable core - 
is slidably guided on the inner circumference of the seal 
ring 18 during the valve opening/closing movement, the fuel 
is hardly relieved to the slidably guiding surface, and 
consequently, all the fuel flows between the passage 12 
inside of the movable core 14 and the passage 13 outside 
thereof via the orifices 15. Therefore, the liquid damper 
function is appropriately fulfilled between the lower end 
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surface (the stopper) of the fixed core 1 and the end 
surface of the movable core 14, thus contributing to 
alleviation of an impact of the needle 5 with respect to 
the stopper and suppression of the bounce of the needle 5 
at the time of the valve closing. 

(3) The needle 5 is supported and guided at the two 
points on the inner circumference of the swirler 21 and the 
inner circumference of the seal ring 8. Consequently, the 
nozzle body per se need not be equipped with a guide 
function, unlike the prior art. Therefore, it becomes 
unnecessary to grind the nozzle body with high accuracy 
while the seal ring, which is easy to be lathed, can ensure 
the highly accurate guide function. Thus, the needle can 
be supported and guided at the two points at a reduced cost 
even in the case of a long nozzle injector. 

(4) The prior art has experienced the problem that 
the coaxial accuracy is enhanced while eliminating a 
troublesome grinding work (the guide formation) with 
respect to the inner circumference of the nozzle body 18. 
However, through the above-described assembling process, 
the fixed core 1 and the nozzle body 18 can be integrally 
coupled to each other by press-fitting and welding the seal 
ring 18 with relative facilitation while the high coaxial 
accuracy is maintained, thereby streamlining the assembling 
work and reducing the cost. 
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(5) Moreover, as shown in Fig. 3, all of the 
component parts except the connector mold can be assembled 
in the same direction in reference to the nozzle body 18, 
thus contributing to the facilitation and automation of the 
work. 

(6) Since the swirler 21 is loosely fitted while is 
fixed to the orifice plate 19, the swirler 21 can be 
prevented from being shifted, and further, the entire 
circumference of the swirler 21 constitutes the annular 
fuel passage, thereby reducing passage resistance, 
facilitating the relief of bubbles, which have been liable 
to remain at the lower end of the swirler 21, and achieving 
the smooth fuel injection. 

(7) Although the swirler 21 is loosely fitted, it is 
free from physical restriction of other members until the 
centering jig is set in fitting, thereby offering the 
degree of centering- freedom. Furthermore, even in the case 
where the orifice plate 19 is welded, thermal expansion 
caused by the resultant welding heat also is absorbed at 
the clearance defined around the swirler 21, thus, 
preventing any generation of thermal deformation in the 
swirler 21. - 

(8) The annular passage 23 defined by the annular 
step is formed upstream of the groove 24 for forming the 
fuel swirl at the lower end surface of the swirler 21, and 
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thus, functions as the fuel sump. Consequently, it is 
possible to enhance the injection responsiveness at the 
time of the fuel injection. 

Industrial Applicability 

As described above, the present invention can solve 
the problems so as to reduce the cost of the fuel injector, 
enhance the centering accuracy (the coaxial accuracy) , 
facilitate the assembling work, simplify the component 
parts, offer the degree of fixing freedom, prevent any 
secondary injection and the like. 
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WHAT IS CLAIMED IS: 

1. An electromagnetic fuel injector , in which a 
hollow fixed core, an electromagnetic coil and a yoke are 
arranged from the center toward the outer diameter, a 
needle with a valve element is contained in a nozzle body 
fixed to the lower portion of the yoke, and the needle is 
urged toward a valve seat by the force of a return spring, 
the electromagnetic fuel injector characterized in that: 

a fuel swirler positioned upstream of an injection 
orifice is disposed at the tip of the nozzle body, the 
fixed core and the nozzle body being coupled to each other 
via a non-magnetic cylindrical seal ring press-fitted and 
welded to the outer circumference of- one end" on the nozzle 
body side of the fixed core and the inner circumference of 
one end of the nozzle body; and 

the inner circumference of the fuel swirler and the 
inner circumference- of the "seal ring function as a guide 
for slidably guiding a stroke movement of the needle. 

2. An electromagnetic fuel injector according to 
claim 1, characterized in that the yoke and the nozzle body 
also are coupled to each other by press-fitting and welding. 

3. An electromagnetic fuel injector according to 
claim 2, characterized in that the seal ring has a flange 
at one end thereof, one end of a cylindrical portion on a 
side opposite to the flange is press-fitted and welded to 
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one end of the outer circumference of the fixed core, while 
the flange is press-fitted and welded to an annular step 
formed at the upper end of the nozzle body; and 

the yoke and the nozzle body are press-fitted in a 
spigot joint manner, followed by welding, 

4. An electromagnetic fuel injector, in which an 
electromagnetic coil and a yoke are arranged around a 
hollow, cylindrical fixed core, a nozzle body containing 
therein a needle with a valve element is fixed to the lower 
portion of the yoke, and the needle is urged toward a valve 
seat by the force of a return spring, the electromagnetic " 
fuel injector characterized in that: 

the electromagnetic coil and the yoke are configured 
in such a manner as to be fitted around the fixed core from 
above ' the fixed core; 

the yoke can be coupled to the upper end of the 
nozzle body in such- a manner as to cover the. ■ 
electromagnetic core; 

a terminal taking-out window for the electromagnetic 
coil is formed at a part of the upper .portion of the yoke; 
and 

the inner surface of the upper end of the yoke 
presses the electromagnetic coil, thus fixing the coil. 

5. An electromagnetic fuel injector according to 
claim 4, characterized in that a bore of the upper end of 



27 



the yoke is drawn, and the inner circumference of the upper 
end is coupled to~ the- outer circumference of the fixed core 
by any of welding, press-fitting and caulking. 

6. An electromagnetic fuel injector, in which an 
electromagnetic coil and a yoke are arranged around a fixed 
core, a nozzle body containing therein a needle with a 
valve element is fixed to the lower portion of the yoke, 
and the needle is urged toward a valve seat by the force of 
a return spring, the electromagnetic fuel injector 
characterized in that: 

the fixed core and the nozzle body are coupled to 
each other via a non-magnetic cylindrical seal ring 
extending over the outer circumference of one end of the 
fixed core and the inner circumference of one end of the 
nozzle body; 

the inner "circumference of the seal ring serves as a 
guide for the needle; 

the needle has a hollow,, cylindrical movable core, 
the outer circumference of the upper portion of the movable 
core being slidably guided on the inner circumference of 
the seal ring during a stroke movement, a fuel passage 
being secured between the outer circumference of the lower 
portion and the inner circumference of the nozzle body, and 
the fuel passage communicating with another fuel passage 
defined inside of the movable core via a through hole 
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forme-d at the movable core. 

7. An electromagnetic fuel injector according to 
claim 6, characterized in that the outer circumference of 
the lower portion of the movable core is made to be smaller 
in diameter than the outer -circumference of the upper 
portion thereof so as to enlarge the fuel passage defined 
between the outer circumference of the lower portion and 
the inner circumference of the nozzle body, the through 
hole being formed on a core wall on which the outer 
circumference of the lower portion is positioned. 

8. An electromagnetic fuel injector characterized in 

that: 

a nozzle body, an orifice plate having an injection 
orifice and a fuel swirler are formed of separate members; 

an inner circumference having a receiving surface 
for disposing the fuel swirler and the orifice plate is 
formed at one end on a fuel injection side of the nozzle 
body; 

the fuel swirler is loosely fitted to the inner 
circumference of the nozzle body in such a manner' as to be 
received at the receiving surface of the nozzle body; and 

the orifice plate is press-fitted and welded to the 
inner circumf erence in such a manner as to press the fuel • 
swirler. 

9. An electromagnetic fuel injector characterized in 
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that : 

a nozzle body, an orifice plate having an injection 
orifice and a fuel swirler are formed of separate members; 

an inner circumference having a receiving surface 
for disposing the fuel swirler and the orifice plate is 
formed at one end on a fuel injection side of the nozzle 
body; and 

the fuel swirler is held between the receiving 
surface of the nozzle body and the orifice plate, thus 
defining an annular fuel passage between the outer 
circumference of the fuel swirler and the inner 
circumference of the nozzle body, so that fuel flows into a 
passage groove formed at the lower end surface of the fuel 
swirler via the annular fuel passage. 

10. An electromagnetic fuel injector according to 
claim 8 or claim 9, characterized in that a guide groove 
for guiding the fuel to the outer circumference of the fuel 
swirler is formed between the upper end surface of the fuel 
swirler and the receiving surface of the nozzle body for 
receiving the upper end surface of the fuel swirler. 

11. An electromagnetic fuel injector according to 
claim 10, characterised in that the guide groove is formed 
at the upper end surface of the fuel, swirler" and/or the 
receiving surface of the nozzle body. 

12. An electromagnetic fuel injector according to 



30 



claims 8 , characterized in that the hardness of the fuel 
swirler is greater than that of the orifice plate. 

13. An electromagnetic fuel injector according to 
claims 8, characterized in that a part of the orifice plate 
intrudes into the passage groove for generating a swirl, 
formed at the lower end surface of the fuel swirler. 

14. An electromagnetic fuel injector in which a fuel 
swirler is disposed upstream of a fuel injection orifice, 
the electromagnetic fuel injector characterized in that: 

a passage groove for generating a swirl and an 
annular passage communicating with the passage groove on an 
upstream side are formed at the lower end surface of the 
fuel swirler. 

15. An electromagnetic fuel injector according to 
claim 14, characterized in that the annular passage is 
defined by forming an annular step at the peripheral edge 
of one end surface of the fuel swirler. 

16. An electromagnetic fuel injector, in which a 
hollow fixed core, an electromagnetic coil and a yoke are 
arranged from the center toward the outer diameter, a 
needle with a valve element is contained in a nozzle body 
fixed to the lower portion of the yoke, and the needle is 
urged toward a valve seat with' application of the force of 
a return spring, the electromagnetic fuel injector 
characterized in that: 
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a mass movable in an axial direction independently 
of the needle is interpos-ed between the return spring' and 
the needle. 

17. An electromagnetic fuel injector, in which a 
hollow fixed core, an electromagnetic . coil and a yoke are 
arranged from the center toward the .outer diameter, a 
needle having a valve element is contained in a nozzle body 
fixed to the lower portion of the yoke, and the needle is 
urged toward a valve seat by the force of a return spring, 
the electromagnetic fuel injector characterized in that: 

a mass movable in an axial direction independently 
of the needle is interposed between the return spring and 
the needle, and a plate spring is interposed between the 
mass and the needle. 
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ABSTRACT 

A fuel swirler positioned upstream of an injection 
orifice is disposed at the tip of a nozzle body in a fuel 
injector, in which the fixed core and the nozzle body are 
coupled to each other via a non-magnetic cylindrical seal 
ring press-fitted and welded to the outer circumference of 
one end on the nozzle body side of the fixed core and the 
inner circumference of one end of the nozzle body. 

The inner circumference of the fuel swirler and the 
inner circumference of the seal ring function serve as a 
guide for slidably guiding a stroke movement of the needle. 
The fuel swirler is held between the receiving surface of 
the nozzle body and the orifice plate, thus defining an 
annular fuel passage between the outer circumference of the 
fuel swirler and the inner circumference of the nozzle body, 
so that fuel flows into a passage groove formed at the 
lower end surface of the fuel swirler via the annular fuel 
passage . 

A mass movable in an axial direction independently 
of the needle is interposed between the return spring and 
the needle, and a plate spring is interposed between the 
mass and the needle. 
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The specification of which is attached hereto unless the following 
box is checked: 



[23 was filed on January 26, 2000 

as United States Application Number or 
PCT International Application Number 
PCT/J POO/00374 and was amended on 
(if applicable). 

I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 
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Japanese Language Declaration 

(B»M») 



7ra&&fg3 5^1 1 9& (a) - (d) mX.\Z3 6 5^ 

(b) WcS^THEtfX *SEJW©a©'>&< SSffi 
5£l,Tv^«rifHS^*»3 6 5 (a) ^Iclf <IB{ili, X 

Prior Foreign Application(s) 



(Number) (Country) 



(Number) (Country) 
fktt, S3 5i*ISil 1 9* (e) ^^S^TTIE©^ 



1 hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a) -(d) or 365(b) of any foreign application^) for 
patent or inventor's certificate, or 365(a) of any PCT international 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 



(Day/Month/Year Filed) 

(mm*£R B) 



<Day/Month/Year Filed) 1 

I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application (s) 
listed below. 



(Application No.) (Filing Date) 

iMi^3 6 5i (c) iz&-r<mffl*c£iz^vi£*r, £ 
r^m^nrz^m^mmizm'r^mm^mmz^xm 



(Application No.) (Filing Date) 

<£M#^) (MB) 

I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365(c) of any 
PCT international application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner 
provided by the first paragraph of Titie 35, United States Code 
Section 112, I acknowledge the duty to disclose information 
which is material to patentability as defined in Title 37, Code of 
Federal Regulations, Section 1.56 which became available 
between the filing date of the prior application and the national 
or PCT international filing date of application. 



(Application No.) 



(Filing Date) 



(Application No.) 



(Filing Date) 



m>&£<Dtomz£?\,*T*Mwm*T?m&fftji$& 
\zmi?<mM^TMmT*&z>tmcT^%zt, s^scs* 
i smmi o o lmz^-f^, m&^fcitmm. *>b<i« 

©^M-a^frns ni^Mi/, £~dtz\c iz±mo £t 



(Status: Patented, Pending, Abandoned) 
(Status: Patented, Pending, Abandoned) 

(&M mm*. Mtmm) 

i hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



m&Vt : mZTWiO^WmtLT, MlCltS-^OO POWER OF ATTORNEY: As a named inventor, I hereby 

^m^^W^WMlzM LT^ff T£#S±£fc&fyiA appoint the following attorney(s) and/or agent(s) to prosecute this 

thX. TIHcD^SrfB^S^feLSTo (^H±* ^fc&ftSi application and transact all business in the Patent and Trademark 

AOK^;&£J^i^#-^£ WB<£> £ t) Office connected therewith {list name and registration number) 



Martin Fleit, Reg. No. J 6,-900; H erbert I. Cantor, Reg. No. 
2 4,392; James F. McKeown, Reg. No. 25,406; Donald D. 
Evenson, Reg. No : 26, 160; J oseph D. Evans, Reg. No . 26,269; 
Gary R. Edwards, Reg. NOJ31J3E4; Jeffrey D. Sanok, Reg. No. 
32,169; Richard R. Diefendorf, Reg. No.. 32,390; and Paul 
A.Schnose, Reg. No. 39j3§ 



Send Correspondence to: 



E venson, Mckeown, Edwards & Lenehan jP.LLC. Suite J700 
1200 G St., N.W., Washington, D.C. 20005 



Direct Telephone Calls to: (name and telephone numbet) 



Telephone: ( 202)628-8800 
Fax: ( 202)628-8844 







Full name of sole or first inventor t n J 
Kivotaka OGURA iLA^ 




aft 


Inventor's signature Date / j / / 


&m 




Residence " _ — /j\ 
Hitachinaka.-J a p an cL3j X 


mm 




Citizenship / 
Japan 






Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 1 00-8220, Japan 



(IS— ^»<D^Ip|»^#(c , ^^T 5 felRHSIfclB«cb, (Supply similar information and signature for second and 

%>£h) subsequent joint inventors.) 
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mm 




Full name of second joint inventor, if any ~ /p\ 
Atsushi SEKINE (A J 








Second inventor's signature Date 




im 






Residence 
-Hitachi naka. Japan 


of/ 


mm 






Citizenship 
Japan 




%mm 






Post Office Address 

c/o HITACHI CAR ENGINEERING CO., LTD. 

2477, Takaba, Hitachinaka-shi, Ibaraki 312-0062, Japan 




mm 




Full name of third joint inventor, if any 
Eiichi KUBOTA 


3-A) 








Third inventor's signature Date 




&m 






Residence 
_ Niihari-aun. JaDan 




mm 






Citizenship 
Japan 










Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan ^ 




mm 




Full name of fourth joint inventor, if any /ji 
Masafumi NAKANO * U 




mm<Dm% 




Fourth inventor's signature Date 
ffla<saJaorni YUAom^ &2/aQ / 


im 






Residence^ 
Hitachi. Janan 




mm 






Citizenship 
Japan 










Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 1 00-8220, Japan 




mm 




Full name of fifth joint inventor, if any 
Keiichi URAKI 










Fifth inventor's signature Date 




im 






Residence 
Hitachinaka, Japan 




mm Citizenship 

Japan 








Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1 , Marunouchi 1 -chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 



^^m&(&^H%mm\^^^%Umz.WM\^. (Supply similar information and signature for sixth and 

^ £ ) subsequent joint inventors.) 
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mm 






Full name of sixth joint inventor, if any 
Norivuki _MAEKAWA— 




mmm 






Sixth inventor's signature Date 1^1 t ' 










Residence 
Niihari-jauo-Japan 


mm Citizenship X3( /K ^ 

Japan r f 










Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 




mm 






Full name of seventh joint inventor, if any 




mmm 




Btf 


Seventh inventor's signature Date t / « / t 










Residence u <f 7*^(J\L 
Hjta^lainaka, Japan O \ f 


gf| Citizenship 

Japan 










Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 1 00-8220, Japan 




mm 






Full name of eighth joint inventor, if any 
Yoshiyukl_IANA&&-- 




mmm 


t£ 




Eighth inventor's signature, Date , , J 

^J^Aa 5a^6 02/2h 1 \ i 


mm 








Residence 

Hitagbinaka, Japan ^ 


mm 








Citizenship 

Japan ^""^ / 


%mm 








Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 




mm 






Full name of ninth joint inventor, if any 
Hiromasa KUBO 








Ninth inventor's signature Date 

Wamwc, k Am hr> 0 2//*> / 2c of 


mm 








Residence tf/^i 
Ynknhama r JApan 


MW Citizenship r ^ 










Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 










(Supply similar information and signature for tenth and 
subsequent joint inventors.) 



0 



'V 
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run narne OTiemn juiiil iiivumlui, m a\iy 
Tooru ISHIKAWA 








Sixth inventor's signature \ Bate 

, %,vw < (\1JL~. X o^/u . 








Residence < ^\\/^/^J-' 
Kitaibaraki, Japan / 


was 






Citizenship / 
Japan 








Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 




mm 




Full name of eleventh joint inventor, if any 








Seventh inventor's signature Date 








Residence 


Citizenship 








Post Office Address 




mm 




Full name of twelfth joint inventor, if any 




mmom% 




Eighth inventor's signature Date 


im 






Residence 


mm 






Citizenship 








Post Office Address 




-mm 




Full name of thirteenth joint inventor, if any 








Ninth inventor's signature Date 








Residence 


Citizenship 








Post Office Address 



(^+E5l^l^0^lpf^§^#^^V^Tt>|p!^^fB^b, (Supply similar information and signature for fourteenth and 

"I" £ Z. t ) subsequent joint inventors.) 
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